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Abstract 

This paper considers the problem of choosing the number of breaks in the mean or trend of a series. We take the 
Schwarz-Bayesian criterion (SBC) which can be considered either as a proxy or as an alternative for what might be 
inferred from visual inspection of the graph of a time series. We show that spuriously many breaks will be inferred 
when the process is integrated of order one without breaks. 
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1. Introduction 

In the past  few years the quest ion of the number  of breaks  in the level or t rend of  a t ime 
series has impinged on the li terature of testing for unit autoregressive roots.  For  example ,  in 
the analysis of a collection of U.S.  macroeconomic  time series, Nelson and Plosser (1982) 
assumed no breaks.  Howeve r ,  both  Perron (1989) and Zivot  and Andrews  (1992) al lowed one  
break.  In the former ,  the break date was t reated as exogenous,  while in the latter it was 
endogenous .  It emerges  that inference about  unit autoregressive roots  depends  critically on 
the number  of break  dates permit ted.  Since the existence or not  of  structural breaks  appears  
to be  critical, there  is, in principle, no reason to be  content  with a maximum of one possible 
break.  

In practice,  the decision about  the number  of breaks appears  to have been  made  through 
visual inspection of  the graph of a series. This approach was adopted  by Perron (1989), and 
re ta ined by Zivot  and Andrews  (1992), in assessing the possible nature of  a break.  It is, of  
course,  impossible formally to analyze the propert ies  of  visual selection of this type. He re  we 
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take the Schwarz-Bayes ian  criterion (SBC) as the order  selection criterion. This approach  
assumes that  the generat ing model  is a mean  or t rend plus a white noise,  and computes  the  
SBC on that  basis. One  can consider  this cri terion ei ther as a proxy or as an al ternative for 
what  might  be inferred f rom visual selection. 

Our  main result is that  adopt ing this SBC when  the generat ing process is a r a n d o m  walk 
wi thout  breaks leads in the limit to an es t imated number  of breaks equal  to the m a x i m u m  
permi t ted .  We present  simulation evidence to suppor t  this conclusion for modera te-s ized  
samples.  This result is related to others  in Reichlin (1989), Hendry  and Neale (1991)  and 
Nunes  et al. (1994), where  it is shown that  a spurious structural  change will be es t imated  when  
the  t rue process is I(1). 

2. Spurious number of breaks 

Consider  the following simple mode l  of structural change: Yt = X ; f l t  + et, et is i.i.d. N(0,  o "2) 
w i t h x ,  E E "  f o r t = l , . . . , T ,  and 

f l ,= kr_l < t<~kr ,  r = 2 , . . . , R ,  

~flR+l kR <t<~ T 

where  the R break points  are 0 < k  1 < . . -  < k  R < T, and k r = [ T A r ] ,  0 <  )t 1 < " ' "  < )t R < 1. 
For  example ,  in the case of a change in mean  we have xt = 1, and for a change in t rend  we 
have x, = (1, t)'. It is easily seen that  the max imum likel ihood es t imator  of 0 .2 when  there  are 
R break points  is 

1 v 
6¥(R) 2 = min -T ~ y~ 

O<kl<'"<kR<T = t l 

- - -  Y t X t  x t x  t xty  t , (1) 
T r=l \ t=kr_ l+ l  \ t=kr_ l+ l  \ t=kr_ l+ l  

where  k 0 = 0 and kR+~ = T. 
Using the SBC, the es t imated n u m b e r  of break po in t s /~  is found by the solut ion to 

minR SBC(R) = log(6"r(R) 2) + [m + R(m + 1)] lOgTT, (2)  

subject  to R ~ Ru ,  with R u a given (fixed) upper  bound  for R. Yao (1988) shows that  for the 
change in mean  model ,  R is a consistent es t imator  of R 0, the true n u m b e r  of breaks,  p rov ided  
R 0 ~< Rtj and e, is normally distributed.  The  results in Table 1 suppor t  this conclusion for the 
case R 0 = 0. 

Let  us now suppose that  the true data-generat ing process ( D G P )  for y, is given by a r a n d o m  
walk and there  is no structural change: 

Yt = Yt- 1 + et , t = 1 , . . .  , T ,  



L.C. Nunes et al. / Economics Letters 50 (1996) 175-178 177 

Table 1 
Percentage of breaks selected by the SBC 

DGP is a random walk with no breaks DGP is a white noise with no breaks 

Change in Change in Change in Change in 
mean model trend model mean model trend model 

R U /~ T = 50 T = 100 T = 50 T = 100 T = 50 T = 100 T = 50 T = 100 

1 0 1 0 1 0 90 97 84 90 
1 99 100 99 100 10 3 16 10 

2 0 0 0 0 0 85 95 83 90 
1 3 1 3 0 9 3 11 9 
2 97 99 97 100 6 2 6 1 

3 0 0 0 0 0 71 85 82 88 
1 1 0 4 0 8 7 12 10 
2 8 1 10 1 7 2 3 2 
3 91 99 86 99 14 6 3 0 

4 0 0 0 0 0 68 80 79 87 
1 1 0 2 0 8 5 10 10 
2 6 0 9 1 6 4 2 2 
3 15 1 16 1 8 5 2 1 
4 78 99 73 98 10 6 7 0 

with e t obeying a functional central limit theorem. From (1) and the continuous mapping 
theorem,  it is easy to see that 

rifT(R)2 fo 1 min W ( A  1 . . . .  AR, s)  2 ds  (3) 
T 0 < A I < . . . < A R < I  ' ' 

where W ( A ~ , . . . ,  A R, s) is the projection residual of a standard Wiener process W ( s )  on the 
subspace generated by the functions {lsE(Xr_l,~r~} R+lr=l for the change in mean model,  or the 

t a R + l  functions (lsE(Xr_l,,r~, Sls~(~,r__,,X,.~),.= 1 for the change in trend model,  with h o = 0  and 
An+ 1 = 1. 

Since the second term in (2) goes to 0 as T increases, (3) implies that for any fixed R, only 
the first term in (2) matters asymptotically. Since 6"r(R) 2 is monotonically decreasing in R for 
any given data set, SBC(R) is minimized at R = R u for T large enough.  Therefore,  if we allow 
for R U break points, for a large enough sample size T, the SBC will suggest that a random 
walk is a series generated by a stationary process with R U break points. This situation is 
considered in Table 1. 

In small samples the estimator of the number  of break points will have some distribution on 
the set {0, 1 , . . . ,  Ru}. In Table 1 we present some simulation results based on 5000 
replications. We considered two cases for the DGP: a random walk without breaks: Ay, i.i.d. 
N(0,1); and a white noise also without breaks: y, i.i.d. N(0,1). We considered both the change 
in mean model  and the change in trend model. The maximum possible number  of breaks, R U , 
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was set at 1, 2, 3 and 4. For samples of 50 and 100 observations, the results for the change in 
mean and change in trend models are very similar. When the DGP is a random walk, the SBC 
selects the maximum permitted number  of breaks on the overwhelming majority of occasions. 
On the other hand, we see that this criterion correctly selects zero breaks a very large 
percentage of the time when the DGP is a white noise. 

3. Conclusion 

To the extent that the SBC accurately reflects what would be inferred from visual 
inspection, it appears that such inspection will provide a very unreliable guide to determining 
the number  of breaks when the DGP is integrated of order one. Indeed,  it appears that in that 
case spuriously many breaks will be inferred. Our analysis reinforces the conclusion that 
separate determination of the number  of breaks in, and the order of integration of, a time 
series is likely to prove very difficult in practice. 
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